C02 concentration show a large seasonal cycle of about 16 ppm with monthly mean wintertime enhancements up to 10 ppm higher and summer minima up to 5 ppm lower than the maritime background level in this latitude. These offsets are caused by regional and continental scale CO2 sources and sinks. The mean CH4 concentration at Schauinsland is 31 ppb higher than over the Atlantic ocean, due to the European continent acting as a net source of atmospheric CH4 throughout the year. No significant seasonal cycle of methane has been observed. The long term C02 and CH4 increase rates at Schauinsland are found to be similar to background stations in the northern hemisphere, namely 1.5 ppm C02 yr" 1 and 8 ppb CH4 yr -1 . On the time scale of hours and days, the wintertime concentrations of all three trace gases are highly correlated, the mean ratio of CH4/C02 is 7.8 +1.0 ppb/ppm. The wintertime monthly mean concentration offsets relative to the maritime background level show a CH4/C02 ratio of 6.5 + 1.1 ppb/ppm, thus, not significantly different from the short term ratio. Using the win tertime regressions of C02 and 222 Radon respectively CH4 and 222 Radon we estimate winter time C02 flux densities of 10.4 + 4.3 mmol C02 m -2 h -1 (from monthly mean offsets) and 6.4 + 2.5 mmol C02 m~2 h" 1 (from short term fluctuations) and winter time methane flux densities of 0.066 + 0.034mmol CH4 m~2 h" 1 (from monthly mean offsets) and
Introduction
The interpretation and assessment of green (Schmitt et al., 1988) or Alert, northern Canada (Worthy et al., 1994) . In addition, an attempt is made to estimate C02 and CH4 flux densities for the catchment area of the observation site, by using the parallel 222 Radon daughter activity measurements as a semi-quantitative transport tracer.
Considering diurnal concentration variations, this catchment area is represented by the regional environment of up to several ten kilometers distance. When interpreting large scale air mass changes, the catchment area is probably as large as southwest Europe (or an area of several hundred kilometers diameter).
Sampling and analytical methods

Sampling site
The Schauinsland observatory is located in the and particularly in summer, it mostly lies within the boundary layer (Levin et al., 1995) .
At the Schauinsland site, atmospheric C02 concentration is continuously measured by nondispersive infrared analysis (NDIR) since 1972 (Levin, 1987; Levin et al., 1995) . In 1991 a new gas chromatographic system was built up for quasi-continuous measurement of C02, CH4 (and N20 Radiation Protection Agency).
C02 and CH4 measurement technique
Methane, carbon dioxide as well as nitrous oxide are measured simultaneously using an automated gas chromatograph (Sichromat 1-4, Siemens, Germany). Fig. 2 shows schematically the configuration of the GC system. It is equipped with a flame ionisation detector (FID), a Ni catalyst for conversion of carbon dioxide to methane and an electron capture detector (ECD) to determine N20. The system for N20 separation and detection is being reconstructed at the moment, technical details and measurement results will be discussed elsewhere. The major features with emphasis on routine ambient air measurements of C02 and CH4 are discussed here, for greater details see Schmidt (1992) . The analytical system can be divided into three parts (see Fig. 2 ): (1) the air intake with a drying unit and an 8-port-sampling valve, (2) the chromatographic system and (3) the data acquisition and integration unit. alternates between ambient air and standard gas.
To prevent contamination, the pump is located at the end of the line, sucking the sample through the sample loops at the 10-port injection valve V2 and the solenoid S4. In contrast to the air sample, which is flushed through the sample loops at under-pressure, the standard gas flushes through the sample loops at over-pressure (VI, V2, solenoid S4 and S8) . In both cases the sample loops are adjusted to atmospheric pressure by switching S4
and S7, and opening S8 (sample) respectively by switching VI and S7 (standard, S8 already open during flushing).
(2) The chromatographic system consists of the 10-port injection valve (V2) with two sample loops, one for C02/CH4 (3 ml) and one for N20 Institution of Oceanography in 1989. As mentioned above, at the Schauinsland site C02 concentration is continuously measured also by NDIR (Levin et al., 1995) . Hence the comparison of the different methods applied (GC and NDIR) provide a good opportunity to identify possible systematic errors as will be discussed in the following paragraph.
Comparison of C02 measurements by NDIR and GC
When comparing the C02 concentration meas- Table 1 ).
(2) The cause of the uncomplete pressure equilibration in the sample loops was replacement of the 10 port injection valve (V2) in August 1992. At that time also the 2-way solenoid S7 had erroneously been removed. S8 was always closed during pressure equilibration of the sample, and adjustment to barometric pressure was not fast enough, and only towards the intake stack which is at a small permanent under-pressure. Due to this error, the GC measurements showed 0.39 ±0.02 % lower C02 concentrations than the NDIR measurements, respectively. In March 1995 the GC system was repaired and from there on the offset between GC and NDIR is negligible (<0.03 %).
For the total 4.5-year period of July 1991 to December 1995. Table 1 summarises nearly a factor of two larger than the measurement precision, and is also partly caused by the fact that the GC measurement is only a spot analysis of ambient concentration whereas the NDIR values represent real half hourly means.
The additional uncertainty of our measurements through the water vapor and pressure adjustment corrections, respectively the standard deviations between GC and NDIR for the corrected C02
concentrations, are still small if compared to the observed variabilities at the measurement site.
They have, thus, no significant effect on any quantitative estimate deduced from the C02 and CH4 records.
Measurement technique for the atmospheric 222 Radon daughter activity
Under most meteorological conditions, the background level. This diurnal circulation pattern with upslope winds during the day and downslope winds during night is typical for mountain stations during summer (Levin, 1987; Schmitt et al., 1988; Levin et al., 1995) . The correlations between methane, 222 Radon and carbon dioxide will be used to estimate C02 and CH4 fluxes for the catchment area of the sampling site (see Subsection 3.4.).
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Long-term trend and seasonal cycles of C02,
CH4 and 222 Radon
The long-term features as well as the characteristics of the seasonal and diurnal C02 concentration variations at Schauinsland station have been investigated by Levin et al. (1995) . In the present study, we want to examine the combined records of C02 and CH4 in terms of local and regional natural and anthropogenic sources and sinks of these gases. In order to estimate the source influence over the European continent, we first have to determine the maritime background concentration of the air before it reaches the continent.
Within the cooperative network of NOAA/CMDL (Conway et al, 1994; Dlugokencky et al, 1994) which corresponds to the mean long-term trend of C02 in the northern hemisphere (Conway et al, 1994 ). An equivalent procedure was used to derive CH4 background values for 1994-1995, here we used an increase rate of 8 ppb yr -1 which is the mean increase at Schauinsland during our observations and agrees well with other recent northern hemispheric records (Dlugokencky et al, 1994) . (Fig. 5d) (Dorr and Miinnich, 1990; SchuBler, 1996) . Here an about 25% lower flux is observed in winter than in summer time, which is most probably caused by higher soil humidity in winter, and, thus, a smaller diffusion coefficient of 222 Radon from the soil air into the atmosphere. way. This is underlined by the significant correlation in winter of 222 Radon with C02 and CH4 (Fig. 6b, c) . In summer, the monthly mean continental CH4 offset is, however, not correlated with 222 Radon (Fig. 6d) , although on the shorter time scale of hours and days, CH4 and 222 Radon concentration changes are often also highly correlated in summer (see Table 2 ). (Dorr and Munnich, 1987) , whereas the fossil fuel C02 flux changes not significantly throughout the winter months (Levin et al., 1995, Fig. 9) .
Diurnal cycles of COj, CH4 and 222 Radon
As the CH4 sources in western Europe are more than 95% anthropogenic (Thorn et al., 1993) there is no reason to assume that the CH4 emissions show a significant seasonality. (Dorr and MUnnich, 1990; SchuBler, 1996) . As is also obvious from Table 2 (Fig. 6 ). This may point either to a smaller CH4 and C02 source strength in the regional catchment area of the Schauinsland (e.g., 
Estimate of mean C02 and CH4flux densities
The regressions of mean 222 Radon activities with C02 and CH4 offsets can be used to estimate mean flux densities of these two trace gases: We make the simplified assumption that the emanation rate of 222 Radon from soils is homogeneous in the catchment area of the Schauinsland station and constant with time, and we assume that the 222 Radon flux from ocean surfaces is negligible (Dorr and Munnich, 1990 ). If we, further, neglect radioactive decay of 222 Radon, the 222 Radon concentration of an air mass is almost proportional to its residence time over the continent (Levin et al., 1995 
Conclusions
The combined interpretation of continuous 
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